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(’ - “Overview . .

Mhat Is Symetry About?

We encounter symmetry in the world beginning from a very young age,
perhaps when we notice the way our right and left hands match palm to palm,
or when we see a person standing in front of a mirror. From this beginning,
our fascination grows. We® play at being a copy-cat, 'mirroring’ another S
words or actions; we cut snowflakes from multiply-folged pieces of paper; we
gaze through kaleidoscopes, stare at whorls of a rose, or a whirlpool; and we
try our own hand at creating drawings with d1fferjent" kinds of symmetry.

An understandlng of different kmds of' symmetry leads to a_teeper
understanding® of .- our world. The sociologist talks about symmetric
relationships among people the biologist classifies plants partly on the
basis of their symmetries; the chemist uses the symmetries of molecules to
understand their reactions; and the physicist explains the very foundations
of the structure of matter, using the propertles of symmetry in tlme and space.

Mathematics provides "a partlcularly °‘§mn1e, yet fert11e, ground for
coming to grips with the ideas of‘ symmetry. In particular, in mathematics,
ve.have a language for talking about these ideas. :

»

What Do, Turtles Have To Do With Symmetry?

Having already worked through 'Turtle Geometry, which is a
prerequ1s1te for this unit, you and your students have met some of the ways
in which ‘turtles can brlng symetry to life. It is difficult, w1thout a
computer, to create symmetric designs. Drawing by hand is tedious and
difficult. Tools such as mirrors and tiles are invaluable aides,- but still
do not allow for free-flowing expression of symmetry. ideas. A multitude of

_ turtles moving by command on the computer screen can quickly and easily

create symmetric designs of infinite variety and great beauty. The
Turtletalk language provides a medium for expressing symmetry ideas. Because

‘this language addresses the turtles in tems of distances and angles on the

screen, students acquire-a quantitative, as well as qualitative,
unflerstanding of sSymmetry. v :

. ¥

1Steve'ns, Peter, Handbook of Regular Patterns, An Introduction. to Symmetry in
Two Dimensjons, MIT Press, 1980. Contains ‘a clear exposition of the

different kinds of symmetry in two dimensions and & multitude of examples
from all through history and all over the world.

2Kim, Scott, Inversions, Byte Books, 1981. . A book that will delight alll
Wonderful examples of ways to bring symmetry into calligraphy.

‘o
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‘How to Use This Guide ‘ S
Turtle Gemnetl:yasaPrereduisite ' . , L :

e work in- th1s unit presumes that your students have already ¢
completed the Turtle Geometry unit. Your students should be fluent in
Turtletalk, and understand about angles, distapces, and polygons., No °
mechanism. is presented here for 1ntroducmg these fundamental concepts. -~

Purposeof This Guide - . ’ , | - -

- . ’ * -
L \
-

This guide out11nes activities that w111 1ntroduce symmetry concepts to
your students. In this way the computer functions as one of several learning d
tools 1n your classroom. The guide is also not meant to be a treatise on how
to use computers, nor* on, synmetry If you have °felt successf&;gn teaching
Turtle Geometry, then you have dealt with many of the org of using
computers in your classroom. If you also have met symmetry concepts in other
_contexts, then you should be quite comfortable with teaching the material
presented here. . In geheral, however, we assume that you .are being
introduced to these ideas in soge course for teachers. This kuide is .
meant to serve as a feference for you in the clagsroom. : , )

.

What You and-Your Students Will Do i s

.
?

As in the Turtle Ceometry unit,® most of the c'/lassroom time in this ‘unit
will be taken up with small- group work Graups of three work well around a
computer, while four seems to be a good size when the computer is not
involved. You virill probably want to choose -a single group size for both ’
situations. The size you found to work best in the Turtle Geometry unit will
also work well. in thtis unit. w

- -

) In 'each act1V1ty, your task con81sts of four parts: preparing
materials, introducing an activity, making sure that everythlng runs smoothly -
during the activity, and cond’uctlng:a suunary discussion. ) p )

. . N . ' . ’
. . oA
’‘ / -
. ’ 8
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’ N .
Summary of Activities ' S
~ and Materials ) 2

tal Time Réquired: about 2 weeks : Sl C
Totdl Whole Class' Time: from 4 to 5 class periods . . ’ * ' ’
Igdependeqt Conputer Time: 60 minutes per group of 3 ' . \
14, Alphabet Symmetry : o g .

Format’- Whole'class, _. E ’ . .
Time - 1 period S * ‘ : oo s
Materials N 7 g / ’

. Large cutout letters

Overhead projector - \
Turtle-tractor ¢/ . TN
Greek Letters Sym®try Worksheet coples

The terms mrror symmetry and rotational symmetry are
_introduced in relation to the synmetry of the. letters of the
alphabet.

13

2. DeslgnCé.rd's ' S L : .

Format -’ Small groups at desks ’ ' ‘ '
Time - 1 to 2 periods y

. Materials e ‘ :
<o One set of Des1gn cards per group . . , ., . ,
Design Cards Worksheets
Swirling Mirrors WorkSheets
T Students classn’v "Des1gn Cards' “on the basis of what _kinds
rof symmetry they have: none, number of 11nes of m1rror synmetry,
and degree of ‘rotational symmetry.

*3. Your Own Ww Designs . ’ : .
. Format - Small groups at computers .

Time - 20 minutes per group of students at the computer
Materials

Pet computer(s) loaded with Turlteworks program

Your Own Symmetry Designs Worksheets .
Students create designs-on the computer which have varipus .

symmetry properties and store some of them on the network. They

look at designs other--students have stored and categorize them

accordmg to thelr symnety properties.

4.  Thé Polygon Rosette Fami l‘y”“ ST T s e ' . e T

Format - Small groups at desks with computers available for )
checking .
. Time - 1 to 2 periods ..
Materials
Pet computer(s), loaded with Tur'tleworks* program , .
4 : ) . .
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I:Z'olygon Rosette cards
Palyton Rosette Worksheets

, ‘ Students invent 3;1 classification scheme for the 'Polygon
.. Rosette Cards’. which'ends up being based on two attributes of the
» cards: symmetry, and kind of polygon. '

4 5. Symretry Families

Format - Small groups at computers .

. Time - 30 minutes per, group of students at the computer -
. Materials < ‘
Pet computer(s) loaded with Turtleworks program
Symmetry Families Worksheet d

4

Students create their own families of gymmetric designs
where each member of the family they create has a different
symmetry than the other members. They learn to use the 'TO'
command of Turtletalk. '
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. Format .

3 Whole class s
discussion plus work
in pairs

Time

1 class period
Materials Needed
large cutout- letters
s overhead projector
turtle tractor
Greek Letters
Symmetry
Worksheets

 symmetry. - \(Q"" (

Turtle Symmetry Teacher's Guide . .

' Activity 1, . .

Alphabet Symmetry ' ”

Background - ?

. Much- of the work” in the previous unit has had'’
students working with.symmetric drawings. It is time
to pin some labels on two of the kinds of symmetry
they have seen: .mirror symmetry and rotatiémal

A design w1th a line of m1rror Symmetry has .
a line in it suth that'\if you place a mirror along -
the line and,;look into the mlrror, the design will
look- unchanged. The lefter 'M' has mirror symmetry .

'dividing it in half vertically. 9%he 'C' has a line oo

of mirror symmetry dividing-it in half horizontally.
The 1létter 'H' has ‘two .lines of mirror symmetry, one
vertical and the other horizontal. /_ . ,

'~ Another way to check for: lines of mirror
symmetry is to fold the design along the supposed
line. If. the twg halves mateh up exdctly, then the
design does Jindeed have a line of mirror symmetry

there. C .
- : " 4

Rotatlonally symmetrlcal patterns ‘can be spun
around .a certain péint and they will match up with
themselves. For example, -the letter 'S' ‘has 180 ,
degre® rotational symmetry- because it can be turned Yo -
upside down. (or 180 ‘degrees around) and look just the ' i
same. The letter X (if drawn appropriately) has 90
degree rotational symmetry because it will still look -
the same if turned on its side (or 90 degrees). ,

~

-

! . ‘

-~ Students should® be able to classify the’

letters of the alphabet according to

whether they have no -symmetry, mirror

symmetry ondly, . rotatiopnal symmetry

only, or both rotational and mirror
SymtrY- *

Teacher Preparation-‘ ) e

- —- A —

YMake copies of the Greek Lettprs Symmetry

worksheet >

It will be helpful to have somé lérge cutout
letters' to demonstrate various symmetries. Good -

‘
v

e e
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‘no lines ‘of “mirror symmetry.
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. -

+ choices would ‘be the letters F (because it has no,

mirror ‘symmetry), A (because it has one€ ‘line of-

.mirror symmetry), H (because it has 'two lines of

mirror symmetry), X (because it has four lines of
mirror Symmetry *if constructed appropriately, and,
likewise, 90 ﬂegree rotational symmetry), .S (because
it has 180 degree rotational symmetry), and O (made
Tound ‘to hav\e 1nf1n1te m1rrot' “and 'rotational

synmetry)

. Also have on hand a’turtle- tractor to
demonstrate degree of rotational symmetry.

»
~

Activity”®

Mirror Symmetry . o

On the board or using an overhe

tr‘anspareqc’g), make t large circles. Tell he

students .that some of - the letters of the alphabet

‘belong, in one circle and others belong in the other .
circle. Their job is to figure out the 'rule' that °

determines which letters belong where. When they

- figure out the rule, they are mot to tell the rule

(which would spoil the fun of figuring it out for
their classmates), but merely to raise their hand
with one finger un to signal to you that they know
the~rule. . .

Students suggest letters. - Tn one circle, put
letters that have at least one line of mirror
symmetry. In the other circle put letters that have
Proceed slowly, -
allowing students:plenty of time to ponder the.
evidence already on the board. - ’

AS soaon "as a student indicates knowing the
rule, let him/her take over the placement of letters
in the circles. They can stay up until they make a
mistake, or until another students 1nd1cates knowing
the ru/le\ !

extremely difficult. If this seems to be the case
for your ‘class,  stop part way through and have a
discussion about what kinds of ideas they have had.
Are the focussing on vowels and consonents, number
position in the alphabet, words that begin with those
letters? Give them the hint that your rule has only
to do with the shape of the letter.

-7~

":j (\

€

1Y

.. _Some groups will find figuring out the -rule . —

\
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3

Finally, most of the class should: have the rule
figured out. Several students should explain the
rule. The words 'symmetry', 'mirror symmetry',
and 'line of mirror symmetry should be
1ntroduced too. The labels .

Has at least one line of mirror symmetry
and . :
Has no line of mirror symmetry

should be placed above the appropriate circles..

Ask for suggestions ‘about how one might
determine whether a letter (or any shape) has a line
.of mirror symmetry. Discuss -

- folding a cut-out of the shape. (Demonstrate
this with a letter which has mirror

symmetry and one that doesn't. The
letter S is a good .one to use as a
counter-example singe to some, it will
seem to have mirror symnetry )
( Vs

placing a mirror along/the supposed" line of
symmetry and seeing if the reflectqd
image looks 11ke the rest of the shape.

any other methods they &enerate CoLe

Look at the Jletter I which has two lines of

mirror symmetry. Can they find any other letters '

with - two lines of mirror syn'metry‘? Can they find any
letters: that have more than “two lines of mirror
Symmetry? How manv lines of mirror symmetry does the
letter O hdive? (A circle is said to have
'infinitely many line of mirror symmetry.' The letter
0, however, is usually not constructed as'a perfect
circle.) y ’

Rd:at ional Syrrmetrz

-

<

" Now repeat the rule game’ from the beginning. -

This time, one circle will contain letters that have

rotational symmetry and the other circle will

contain letters that have no rotationmal symnetry

2 ¢
) They may explain the rule in- terms of 'turning
the letter upside-down.' Emphasize that’ ‘after turning

the letter by some degrees, it looks 1ust the same as’
it did. How many degrees does one turn the letter ;

to have it look just the same? Explain why the

’ B -

1y

-8~

.
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e : ‘ . letter l}has 180~ degree rotational symmetry.
. ' : Examine éfich of the letters that have some rotational
¢ . o symmetry and label them with how many degrees of
) . +rotational symmetry they have. (The letter O is

: ' said to have 'infinite rotational symmetry.') Y

. <You can use an ‘overhead and a turtle-tractor to
demdnstrate the turning operation. Make a large
letter on a transparency. Place the turtle down on
top of it. Turn the turtle and the letter through
Y . the appropriate angle. Lift up the turtle and verify

‘ o “© 7 that the letter looks just as it did befofe the turn. .,
o, , Greek Letters Worksheet s .
Ty Working in pairs, the students can’ practice ) .
. recoghizing different symmetries using the small
Greek letters whpch are plctured on the Greek letters
worksheet . .
Homework .
aN .

1

An approprlate homework act1V1tv would involve

. cutting out picturés or designs with different: kinds
. . " of symmetry and brmgmg them to school to post on

‘ ’ . the bulletin boa.rd ‘ . o .
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Format
Small groups at desks

1 to 2 class periods

Materials Needed
' one set of design.
cards.per'group
Design Cards -
workst;eet?s
Swirling Mirrors
worksheets

-

‘-
)

KL

"I;un_:le Symmetry Teacher's Guide
Activity-2
.Design Cards
Background ) oo el

" Classification is a basic skill used constantly
in- mathematics and the sciences. When you (and your

" students) firrc_,t look at the set of 'Design Cards,'

you: will see a bewildering variety of designs. And
yet, as you look more closely, you will see that
there are attributes that the cards have which ailows
you to ‘group some of them together., Nearly all t
designs have some kind -of symmetry. Some of them
have mirror symmetry. Some have rotational
symmetry. Some have both mirror and rotational
symmetry. Of those’that have mirror symmetry, there -

- are designs which have only one line of mirror

symmetry, others which have two lines, three lines,
and so on. All those deésigns which have two or more

“lines of mirror symmeétry ‘also have rotational

symmetry. Those which have two lines of mirrgqr .
'symmetry have 180 degree rotational symmetry, those
which have three 1lines of FliI‘I‘OI‘ symmetry have 120
degree rotational symmetry, four lines implies 90
degree ' rdtational symmetrv. There is a relationship
between the number of linés of symmetry and the ,
degree of rotational symmetry. From chaos emerges
startling and .beautiful order. ’

*
3
Purpose DT ¢ .
. ‘o - !
R

-~ Given a desi%n_, students should be able to
show .any lines of mirror symmetry the

. _ design might have )

!

Given a desigp, students should be able .to
state the degree of rotational symmetry

the design has

A N L]

]

Given a set of designs, sfudents should be
- able to clasdify the dgesigns according to

their symmetry propertie:'s
« R - 1
~ Being told how many. lines of mirror symmetry.
- (passing through a common-‘point) a design
“has, - students should be able to predict .
the degree of. rotational <$ymmetry -of the
design.

Teacher Preparation

" -10-
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The first time you do .this activityf, you w111
need to make a classroom set of 'Design Cards.' These
cards are printed on 8 1/2 x 11 inch cardboard and
should be cut into individual cards.

You will also need copies for students of the
two worksheets 'Design .Cards Worksheet,' and the

'Swirling Mirrors Worksheet.'
. L I T R

Do ‘the activity yourself, "especially with an
eye to understanding how they might appear to~
students the first time. Very often, students will
first sort the cards into two, three, or four
groups. See if you can figure out what these might
be (more about this later).

~

Activity
Introduction

You should not need to say much after having

'had 'the class form -into groups. and passed out

worksheets and Design Cards, Most importantly 'you do
not want to suggest initially to your students that
they classify the cards according to symmetry,*
(although it may become necessary to give them thijs
hint later). The idea is for them to decide
themselves that the most reasonable scheme is based
on symmetry. : .

While Students Are Working Gl Q )

“There are several problems that may occur after
groups begin to work.

FiTst, .some groups will-.choose completely
different attributes for classification besides
symmetry. That they do,this is not a terrible thing,
nor does it necessarlly say anythmg about how well
they understood the preV1ous day's lesson;
nevertheless, you want to steer them back to lopKing
at symmetry ideas. To do this, you should FIHd out
if they really have a2 solid criterion -for
distinguishing their different groups.. ProbaBily they
don't. For example, putting small designs* in one
pile and large designs in another pile doesn't really
work, because there. is no clear. boundary betyeen
small and large.) VYou can suggest that they look for

.other factors that will be easier to apply to the

2

~11-~

13
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cards. If their criterion is quite applicable (e.g.
lifelike designs in one pile and abstract designs in
another), complement them on their idea; and then
suggest to them that they see if they can use the
symmetry ideas discussed the prev1ous day in

classifying the cards. N

’ 3

Second, many groups will sort the cards into
just two (or possibly three) piles: designs that
have no symfietty, ands those that do have symmetry.
When this happens, you can suggest. that they take the
pile of cards with symmetry and further break it down
.into smaller piles. Eventually each pile should
contain cards which have exXactly the same symmetry
properties {(e.g. 90 degree Jrotational symmetry and

four lines of mirror symmefry passing through the

center).

Third, some groups won't get the idea of
classifying. They ‘just won't know where to start.
You can help them by just reiterating that their- task
is to 'put cards in groups according to- which ones
belong together.' Perhaps give them an example with
some cards that have mirror symmefry and some that
don't. Ask them which look more sjimilar.

Finally, some groups will have trouble
understanding what it means to put a label on a
group. They need to know that labels are a way of
communicating to other people the method they used to
sort the cards. You should check their labels to see
if they would be clear to someone examining their
work.

As groups fimish, you should ask them to copy
the labels.they come up with on the board. These

will form the basis of a discussion about their’

classification schemes.

Summary Discussion

'

For your reference, here are the eight symnetry
groups into WblCh the design cards fall: .

1) No symmetry ,

2; 1 line of mirror symmetry -

. 3) 180 degree-rotational symmetry and no lines
of mirror symmetry ,

4) 180 degree rotational symmetry and two lines

of mirror symmetry
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. 5) 120 degree rotational symmetry and no lines
. of mirror symmetry
6) 120 degree rotational symmetry and three
lines of mirror symmetry
7) 90 degree rotational symmetry, and no lines
of mirror symmetry
8) 90 degree rotational symmetry-and “three
lines of mjrror symmetry

of cdurse the actual words that the students

use to describe the groups will be quite different.

Referring to the lists of labels the students
have put on the board, you ask questions of the whole
class 1il$e the following: )

v oo
- Are these two classification schemes the
‘ ' same? If thev are different, in what way

~—— are they different?

Where would th.is card go in these scheme?

- Can you think of a design which would not
belong anywhere in this scheme?
- %

~Can you think of a design which would not
. belong anywhere in any of these schemes?

Where would a square go? '

Where would a 12-sided_regular polygon go?

Where would a circle go?

Which of the ways of labellmg do ‘you 11ke
the best and why? ,

Swirling Mirrors

The Swirltng Mirrors Worksheet .is designed ’to

provide students with a chance to tie together some

insights thev might be having about the relationshin
between the number of lines of mirror symmetry and

the degree of rotational symmetry. This relationship .

(whlch they are to discover) is that

Whenever a certain number (call th1s
number N) of lines of mirror symmetry
pass through a common point, the
design will have s /

360/N >/
degrew of rotational synmetry.

<

l t3 -13-
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. . Working in their groups, they should go througki :
e . the worksheet with design cards in hand. . :
. |
When they are through, discuss with the whole o
. . class the- relationships the found .
’ \/—\\ . . *
; 7 Y
! \‘/r\ ) -
’ * ' . -
;{: ' . ’
- _
~ ' ' “
i i ' . N
. 3
v £ )
- . .
\ S - 1o ‘.
‘v Y - ‘ ca -
) e .




.You’r
L 4

.

Format .
Small groups at
computers

-

T. 4
30 minutes per group
of students at the
computers °

Materials Needed e
Pet computers loaded

with Turtleworks
Your Own Symmetry
Designs

worksheets A

Turtle Symmetry Teacher's (‘;rxide

T Activity -3 ¢ . T
Own,Symmetry De51gns
%

Background ‘

Having been introduced to' the basic concepts of
mirror symmetry and rotational symmetry, students
need a chance to ""play around' - - With creating their
own designs. The Turtleworks computer program
creates an idedl enviromment for this creative play

because symmetrical designs may be created- very
quickly and in a very straight-forward manner.

Purpose

/

- Students should be able .to create mirror
symmetrical and rotatmna.lw symmetrical

-patterns using Tu-x"t»"l,etalk on the

computer. They shomﬂdabe able to look at *

other’ students' d%lgns ‘and” classify them
according to their éynmetry .

Teacher Preparation _ -4

Try creating symmetrical designs yourself on
the computer. Store one of your designs on the
network. Look at some of the. designs; which are
already stqQred there. Have the 'I\lrtleworks program
loaded before class. Have copies. of ‘the worksheets
available. Have regular classwork fqr. students who
are not taking their turns on the ecomputer. ™

Activity » ' .

Divide students into groups of three and set up

"a schedule for computer use. When groups begin their .

work at the computer, they will need to have
individual copies of the worksheet. )

The first page gives them practice with a
Turtleworks pPogram that makes patterns with 72
degree rotatipnal symmetry. Then they are asked to
make patterns of their own. Part of the fun of the
acgtivity is saving one's designs. If you can connect
to the MNCP Network, - students can save their designs
on the Network and look at the designs that other
students have stored there. Otherwise, you can
create a class library of designs stored’on tape. In
any event, students will need some help using the
NETNAMES, \IETSAVE NETLOAD, TAPESAVE, and TAPELOAD
commands .

-15- ] ' .
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The Polygon Rosette

Format
Small groups at
desks with computers
avallable for
checkmg

Time
1 to 2 class periods

Materials Needed
Pet computer(s)
loaded with
Turtleworks °
Polygon Rosette cards

Polygon Rosette
Family worksheets

. Students should start with these along.

. P

Turtle Symmetry Teacher's Guide '
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Activity 4

Famlly l

Background o

-

The Polygan Rosette family at first -presents a

bewildering variety of designs. Quickly, however,
the variety sorts "itself out. One finds, in the end,
that there are only two important attributes that
distinguish .the members of the family: oumber of
sides of the polygon, and number of polygons.
The cards give students an 1mportant medium for
creating their own classification scheme which, with
your guidance, will converge to a two-dimensional
array where the rows differ in one of the Aattributes

.and the colums differ in the other.

Purpose .
~ Students should be able to classafy .the
members of the Polygon Rosette family
according to number of sides of the
polygon and number of polygons. They

. " . ' should be able to produce a Turtletalk
. program to.-draw any member of.the family.

Teacher Preparation

The first time you do this’ activity, you will
need to make a-classroom set of ‘Polygon Rosette
rds. The masters to these are included in the
.unit, The beginning set is on white paper while the
cards to make an extended set are on blue paper. Run
these off on card stock (white and blue respectively)
and then cut them up into individual cards on a paper
cutter.To make four sets of cards requires about 1
hour of. work with a paper cutter.. You also need to
have copies of the worksheet on hand. '’

-

Activity

Introduct ion

1

Students should form into groups and be given a
set of cards and worksheets , - -

The Polygon "Rosette cards come in two parts.
The 48 white cards contain the simplest patterns:
_ Groups that
10 .

~-16- . -

. / . . L}
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T T Thave g good- grasp of- "wha:t“ls going on-can-be given - —— - .~
“the 42 blue ‘cards 'to add €as opposed to sl:‘a:'tmg <
- over) to their emerging classification scheme. o

While They Are Working

.

{ Students work in' groups. and must have in front
of. them a large enough flat drea to lay out the
cards. The first part will be the hardest for them.
They will probably flounder around for quite a while
Before beginning "to settle in on.a reasonable
classification scheme-for the cards. Make sure they .
write out a description of what they have done ¢n
their paper. You can look éver their shoulders and 1‘
ask, questions like "Why did ‘you put that card |
- there?" or '"Is there another place this whole row |
' ceuld go?" . . . ;
! |
|

, > - ‘ Sumary’ Discussion

You-will probably want to have the whole class <
discuss their experience with the cards. Some
discussion questions include: '

. »

- What systems for placing the cards did you
. . ‘ T develop? (Show on the board, to serve as \
a focus for further discussion.) ' P '

-

What -cards were hardest to place? ‘* (Usually L \
the six hexagons .is hard to place, as are |
the 'single line' cards.) =Sz . s |

What did you decide the 'single line' rards : ) ‘
were, and where did you put them? .

«

What was the same about the Turtletalk °
programs that produced all the cards?




Small, p;roups at
computer(s)

30" minutes ‘per
groups of students
at the computer )

Materials Needed
Pet computer(s)
loaded|with
’Purtlexyorks
. Symmetry Families
workshéets

| v
\ ~ A
- r l ."
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Symmetry Families . By
+ v ' ‘."“\
Background VRN

-

In many of the activities of both this unit and
the Turtle Geometry unit," students have been exposed
_to 'families' of de51gns The Regular Polygon Family
was the: first of® these. This family is neatly
defmed by the Turtletalk program ’

s !

*RPT n (GO 10 TURN 360/n)
' where n was the number of sides of the regular
polygon. The essence of a family is that all the
members are 'the same' in sgme way, and that they all
differ in some 'patterned' way. The regular polygons
are all closed, straight-sided figures with,all equal
sides and a11 equal angles. They differ {from each
other in the number of sides they have.

Families. like these play important roles both -
in mathematics and in the sciences. To take but one
example, the *elements of the periodic table form a
large family where all members are atoms with
electrons around a nucleus. Members differ in the
number of electrons they have. ‘

We 'have, in Turtletalk, an é€xcellent
opportunity for students to create their- own’
families and study their properties. .They will do
this by defining a basic shape, giving 1t a name, and‘
then putting multiple copies of this basic shape
together to form more ‘complex shapes. These -complex
shapes will %e the 'elements of <the students'
families. Because we are particularly interested in
symmetry,& students will be asked to characterize the
members of their families accqrdmg{*to symmetry
propertles '

Purpose

- Students should be able to generate a family
of turtle designs and characterize each
member’' of the family according to its
symmetry properties.

\

s -

Teacher Preparation




+
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e

‘ . ] There is a new Turtletalk command involved in\

9 this work with which ,you will' need to be familiar.
It is th® TO command. With it, we can define new
words in the Turtletalk language Go through the,
worksheet yourself before class and experience  what
it is like to make a symmetry family.

. ' : Have copies,'of the Symmetry Families worksheet
made and load up the computers with Turtletalk béfore
¢ ’ class begins. Bring one computer to the front ofxthe
. class where most students will'be able to see it for
a demonstratlon . LT

Prepare regular. classwork for students who are
not workmg on the computers.

Activity

Introduction

. Students will need familiarization with the new
command, TO. Explain. that 1t is possible: to teach
. . the turtles new vocabulary. . Write on the board (or
g’ . overhead) the following: ) '

TO BEND “ - ' e
" . GO 10
. ’ TURN 135 - -
o ' GO 10

- ) END

. CLEAR
BEND

z

Ask students .what they think will be the effect of
typing all this in to the computer. Then try it. .

Ask what they think the following‘ will produce:

: : MULT 3 - ,
BEND - -

- . When they try it, ask what they think is going on.
e , M They shoild realize that all three .of. the turtles
perform the BEND command. .t s .

"

b
. Finally, ask what they think [

C-10-
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CLEAR
BEND 3
i T will do. Before trying it on the computer, go *
< : through it with them on the board '

While Students Are Workmg v

-
Al

’* ’ The first part of she. activity 1imvolves
o . learning to use the TO command. Then they ' are,to
use it to teach the turtles a new command of théir
own. Finally, they use the new command to create
designs' of various symnetrles and make a family of ¢ €
designs. There is a gﬁeat deal of room for
creativity. . . ‘ v

Students may define commands that are either
too simple or too complex for good families. As you
... " notice this happening, suggest that‘they go back and
e ‘define another new command to .Use instead of the Oneg
they first try, &
Although the worksheét does not suggest this, -
you may wish students to store their new commands and
' a representative fmember of their family on.either the ’
MNCP Network or on tape. They may wish to browse
other students' designs and see how they were done. '

Sumnary Discussion

The class discussion should center around
groups displaying the’ various new commands they
defined and explaining how they used these new
commands to create symmetry families. ~ )

’
°

20— -
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*". Name .

1.

2.

Other Group Members

Date

L

’
.

Greek Letters.Symmetry Worksheet

3
Ancient Greeks used a different alphabet than the one we
~ usé now (the Roman alphabet).

Below are listed the-
small ‘letters in their alphabet with the names
underneath.

-
A

« & Y § € 3
a(Fka. lgd,'CL ﬁfawm\a delfa QPS\(on ze:lfa._
B ¢ K XN "u
] ")g& theta &o'ta, karrk (ambda /yy\c(wf )
. '///
v & o /

G Gon
nu  xd owmeron P( vho Sgme

T v g X Y
+au LLPCs(o'\ P)“ cch P! ol?heaa—

Which of the Greek letters have no symmetry?

Which of the Greek letters have one line of mirror
symmetry?




~

4,

a

. 5.

k .
Greek ‘Letters Symmetry Worksheet '

B !

’

Which of the Greek letters have more than one line

of mirror symmetry? K

»

,Which of the Greek 1etters‘have rotational symmetry?

t

1

\ »

FE

Which of the Greek letters have both rotatlonal and
mirror symmetrv?

e

Which of, the Greek letters have rotational but not
mirror symmetry° ‘ =

\‘ ’ " " !
. 20
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Name

Other Group Members ‘

‘Date

Design Cards Worksheet

(-
Materials: ~ You need a set,of 'Design Cards' and falrly
large, flat area (the floor or a table will do fine).
You will also need ‘quarter-sheets of paper for making
labels.

v

LY

1. Spread the cards out and look through them with the
other members of your group.
- .
2.7 Your task.is to find a way to group those cards
"together which 'belong' together. You will have to
decide what it means to 'belong' together. ' Lay the
¢ards out on the table so that all the cards are
visible and the cards which belong together in a
group are.close to each: :other. (You will find that
. when you are done there w111 be more than four
groups and less than ten groups.)

3. Make a label for each group on a quarter-sheet of
papef. Decide together what the labels should say.

Your labels should make it clear which designs
belong in ea®h group so that another person could °*
use-.just your labels to group the design cards.

v

Recopd your labels here:

- B
-

-
n . -

.~

DO
)
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Other Group Members N

Date
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Swirling Mirrors Worksheet

Y

Materials: You need a set of 'Design Cargds' and your
records from the 'Design Cardg'Worksheet.'

. 1. ‘In your work with the Design Cards, you probably
realized that there were lots of kinds of symmetry
that could have been present and were not. For
example, there were no designs that had five lines z
of mirror symmetry and 72 degree rotational symmetry. ~

Name another possible kind of symmetry that none of
. the cards have. ) AN

\

Sketch a design that has that kind of symmetry.

.

2. Two of the followiﬂg kinds of symmetry are
impossible! Which two are they? ‘

-

(a) two lines of mirror symmetry and 90 degree
rotational symmetry -

(b) six lines of mirror symmetry and, 60 degree
rotational”symmetry -

'x

(c) three lines of fmirror-‘symmetry and no
rotational symmetry :

s
i
. ‘ o

-~
~.
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7 Swirling Mirrors Worksheet'
. ’ ~ ‘

" 3. The Relationship Between Mirror Symmétry and
Rotational Symmetry

Fill out the chart below with all the kinds of
symmetry you have met so far. For‘egample, the
first line has been filled out to represent designs
with 2 lines of mirror symmetry and 180 degree
rotational symmetry.

\ L}

* N Y \
- t . 5 .
) Num¥er of Lines } Degree of
of Mirror ! Rotational
Symmetry, | Symmetry
‘ . 2 ! 180
> ..
"""""" FTTTTTToTossomssmosee .
1 ‘ /‘- -
...................... mw e -——————-
'S = —
oo ocdoeooaooaooooooee E---------’--r------r /
i
------------- - ﬁ--?---------------*- :
""""'T """ ;3} """""""""
.............. S
P !
: ;r""j""""-r """""""""""
- I ’
N S P Cme—--
) ]
1
. ! 4
‘ ~ \ N .. . -

Lookionly at the lines in the table that do have
rotational symmetry. What relationship do you see
‘betwéen the left column and the right column?

I

Describe the relationship here..’
3 SRR T

7 -
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Name

Other Group Members .

-~

" Date

Your Own Symmetry Designs Worksheet
Materials: You need to be working in front of a PET
computer which is running the Turtleworks program.

\

1. Try the program below. Make a sketch of the design
in the space provided. ’

MULT 5
GO 10
TURN 45
GO 5

P

I's
What symmetry does this design have?:

2. Here is another program. Try it on the computer and
sketch the result here.

MULT 5
GO 10
TURN 45
.GO 5 -
TURN 119
GO 5

' ) TURN 45
GO 10

What symmetry does this design have?
[

¢




3.

'4.

5.

- 4 c
‘
.

Your Own Symmetry Designs Worksheet '

’

Now tri creating your own designs. Make one that
has only rotational symmetry and one that has both

rotational symmetry and mirror symmetry. V¥hen you

‘get ones you like, record the program here.

>

ONLY ROTATIONAL BOTH ROTATIONAL

SYMMETRY - |
[

AND MIRROR SYMMETRY

.

Saving your’ de81gns :
If your PET can be connected to the MNCP Network,

save your designs there using the NETSAVE command.‘
Otherwise, save them on a cassette tape using the
TAPESAVE com&and

Write the name of your 9££gram'here

Looking at other desigds
Load someone else's design into 'your PET and decide

what symmetry it has. If you can connect to the -

MNCP Network you can use the NETNAMES command to see

the names of the designs stored on the network.
Then type NETLOAD followed by the name of the chosen
d351gn. Otherwise use the TAPELOAD commahd to load
a’ classmate's design from tape. :

|
Name of the program I looked at.

\
Commentg ©on the program (1nc1uding what kind of
symmetry it had
e ) . %

r!
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.1.. Spread out the cards so you can seé most of them.

Other Groﬁp Members , ' ‘ .

L4

Date

The Polygon Rosette Family Worksheet

Materials: . You need a set of 'Polygon hosette cards'

and a fairly large flat area (the floor or a table will
do.fine).

Your task is to 'organize' the cards in a system
which makes it easy to see the similarities "and
differences between different cards. When you are
%pne, all the cards will be visible and there w111

e a kind of pattern to ‘the way the cards _are e

arranged. Describe your system ‘here.
X
ks - .
. ‘A\ ~ -‘.\‘ 1
L <‘
T
f “ly ﬁ‘

o

¢
2

/2. If you have done a good job of laying out the cards,

it should be easy for you to find each of the
patterns listed below. , See if you can. You may .
find you want to rev1se yourgarrangement. For each
card, describe where it‘lies in your pattern.

Description of card. . Place in pattern
3 Squares . . o

-

5 tr1ang1es

3 hexagons (six s1des) ’ - T
4 heptagons (seven sides)
8 heptagons ™ ~ ' I

Describe in writlng here why.. you decided to- Dut the
cards with single’ 11nes where you’ d1d : . N

) i

B
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Polygon Rosette Family Worksheét .

. | N
¢ \ S
G

~ + 3. These cards were produced by a computer whith
understands Turtletalk. You should be able to write
e a Turtletalk program to produce any of the cards. o, ‘
Pick two cards and figure out their programs.

Description of card : Turtletalk Program

4. Each of the two Turtletalk programs below will dra§
one of the cards. Describe the appropriate card in , .
%) .the right-hand column.

v

Program ' Description of card

1. MULT 7 RPT 4 (GO 10 TURN 90)

2. MULT 6 RPT 5 (GO 10 TURN 72) : ‘ |

| | | o
5. .Some of Polygon,Rosettes belong together in a . '
special way. For example, look at the four
s squares, See how they come together to make a
single larger square. What other card does the same
kind of thing? .

N

1f you have the extended set of Polygon Rosette
. cards (the extra cards are colored blue), find two
. other cards in which the small shapes also come
' together to make a single larger shape w1th the same
\ outline. What are they? “

*

~

[,

R

Find another special family of Polygon Rosette
cards. Describe that famlly here.

Sk g
t -
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Other Group Members

Date

. Symmetry Families Worksheet

Materials: You need to be working in front of a
computer loaded with the Turtleworks program.

1.

Making a Design Out of Parts

You can teach the turtles new words. Here is an
example. Type in each line, hitting <return> at the
end of each line.

TO POP .
GO 8 NULT 3
TURN 45 GO 4
END

You have just told the turtles what POP means and
you can see what it means on the screen. From now

on you can use the command POP just like any other

Turtletalk cemmand . .
Try this:

CLEAR

MULT 3

PopP ’
and this:

CLEAR ,

. POP 3

.

Play around with POP a bit before going on.

Make Your Own
As a group, try teaching the turtles a new command
of your -own. The first thlng you type in IS

* TO

followed by whatever you choose to name the command.

-

.The last line of the-definition of the command must

be .
s END _ . ~
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Symmetry Families Worksheet

. Write thé name and definition of your éommand here: -
TO )
-
END . .
o
) 3. Using Your New Command ‘ < -
See what happens when’ you ’
, CLEAR
. MULT 2
and then issue your command.
. Doé% the design created have rotational symmetr&?

- A If so, what degree?
Does the design created have mirror symmetry?
If so, how many.lines of mirror sgmmgtry?

' 5

. % :
Find a way to use your command te create a design
with 60 degree rotational symmetry. Wr;te how you
3 did it bhere:
- . ' .
LS

~ “ -

Experiment. with different symmetries you can get
using your new command. Record the program that
produced the most pleasing effect -here:




. .
¢ | ’

: . Symmetry Families Worksheet

-

4. Your Own Symmetry Family P
- With your new command, you can create .'families' of
designs. Here are three designs which are members
of a family. Try then.

4

.

CLEAR 'CLEAR LEARCLEAR CLEAR
MULT 2 MULT 3 HOLT 4
POP . POP ~ POP

Show how you would use your new command to create a |
"family' of designs, each of which has a different
symmetry fram all the others. Describe your family
here. : . .

/ s

Show the basic program that you used to create your
family. 1Indicate which parts of the program. change
to-get new members of the family.




